Method: We used quality registers to investigate whether patients' HRQL has any impact on delay time with a new AMI, and on the rate of readmissions during the first year. Patients with AMI <75 years, with HRQL assessed with EQ-5D at 1-year follow-up, and who thereafter had a new AMI registered, were evaluated for the correlation between HRQL and delay time (n=454). The association between HRQL and readmissions was evaluated among those who had an additional AMI and a new 1-year follow-up registration (n=216).
Method:
We used quality registers to investigate whether patients' HRQL has any impact on delay time with a new AMI, and on the rate of readmissions during the first year. Patients with AMI <75 years, with HRQL assessed with EQ-5D at 1-year follow-up, and who thereafter had a new AMI registered, were evaluated for the correlation between HRQL and delay time (n=454). The association between HRQL and readmissions was evaluated among those who had an additional AMI and a new 1-year follow-up registration (n=216).
Results: Patients who reported poor total health status (EQ-VAS ≤50), compared to those who reported EQ-VAS 81-100, had tripled risk to delay ≥2 h from symptom onset to hospital arrival (adjusted OR 3.01, 95% CI 1.43 to 6.34). Patients scoring EQ-VAS ≤50 had also a higher risk of readmissions in the univariate analysis (OR 3.08, 95% CI 1.71 to 5.53). However, the correlation did not remain significant after adjustment (OR 1.99, 95% CI 0.90 to 4.38). EQ-index was not independently associated with delay time or readmissions.
INTRODUCTION
The first few hours after symptom onset are the most critical in acute myocardial infarction (AMI). In ST-elevation myocardial infarctions (STEMI) the majority of deaths occur during the first hours after symptom onset, [1] [2] [3] [4] and the beneficial effects of reperfusion treatment are critically time dependent. 1 3-5 However, patients suffering from AMI commonly delay seeking medical care. 6 7 Several factors are known to influence the patient's decision time before going to hospital: age,
KEY QUESTIONS
What is already known about this subject?
▸ Prior studies have shown that patients with acute myocardial infarction (AMI) often delay in seeking medical care, and there are several factors influencing the decision process.
Reinfarctions and readmissions to hospital decreases health-related quality of life (HRQL), and patients with AMI are known to have worse HRQL than the general population.
What does this study add?
▸ Patients who experienced poor total health status (EQ-VAS) had a delay time exceeding two hours more often in comparison to those who reported high scores of EQ-VAS. ▸ Poor total health status also indicated higher risks of readmissions in the univariate analysis.
How might this impact on clinical practice?
▸ Information and education about the importance of seeking medical care in case of suspected myocardial infarction symptoms should be imparted. Patients should be aware of a possible cardiac event so as to inform their relatives. Information and education should also be provided in primary care clinics and to the general population. As per modern practise, healthcare personnel should measure patients' HRQL routinely and observe those reporting low scores. Patients experiencing poor HRQL should be given special attention and support, preferably by a psychologist or specially educated nurse.
gender, level of knowledge/awareness, appraisal of symptoms, psychosocial factors, depression and the attitude of people in proximity to the patient. [8] [9] [10] Secondary prevention treatment after AMI has improved considerably over recent decades, and decreases the risk for new cardiac events. [11] [12] [13] However, readmissions to hospital after an AMI are still common during the first 6-12 months.
14 Known factors contributing to readmission are older age, heart failure, diabetes and depression. 15 16 Delay time from onset of symptoms to admission to hospital, readmissions and health-related quality of life (HRQL) measured by EQ-5D, are all registered in the Swedish national quality registers of patients with AMI; RIKS-HIA (The Register of Information and Knowledge about Swedish Heart Intensive Care Administrations) 17 and SEPHIA (Secondary Prevention after Heart Intensive Care Admission).
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Patients with AMI commonly indicate lower HRQL scores than the general public do. 19 It is not clear to what extent psychological support aimed to increase HRQL affects delay time and frequency of readmissions. There is also lack of data on whether HRQL has any impact on delay time and the rate of readmissions after AMI. Therefore, the aim of this study was to assess the influence of HRQL post-AMI on the delay time from symptom onset to hospital admission and on the risk of readmission.
METHODS

RIKS-HIA
More than 95% of all patients with AMI admitted to cardiology departments in Sweden are registered in RIKS-HIA. 17 Information about patients with suspected acute coronary syndrome is entered, with no age limit for enrolment into the register. Information about the patients' background characteristics, time of symptom onset and time of arrival to hospital are registered, as well as prehospital treatment, investigations and treatments during hospital stay.
SEPHIA
Patients below 75 years of age with index AMI registered in RIKS-HIA are followed up with two out-clinic visits or telephone contacts. The first follow-up occurs 6-10 weeks after discharge, and the second follow-up after 12-14 months. Recorded variables in SEPHIA are HRQL measured by EuroQol-5 dimension (EQ-5D), cardiac-related symptoms, occupation, readmissions, investigations and treatments after discharge, and risk factors for cardiovascular disease. Measurements of blood pressure, lipids, glycated haemoglobin (HbA1c) in patients with diabetes, participation in secondary prevention programmes and compliance to medication are also recorded.
Study population
The study was comprised of 45 868 patients diagnosed with AMI (International Classification of Diseases (ICD) 10-code I21, I22), <75 years old, admitted to hospital and registered in RIKS-HIA during [2005] [2006] [2007] [2008] [2009] . Of these patients, 18 015 were enrolled in SEPHIA and had at least 1-year follow-up registration, including HRQL measurement. Two subsets of the total SEPHIA population were included in the study, one for the evaluation of the relationship between HRQL and delay time ('Delay Time Population'); and one for the evaluation of the association between HRQL and readmissions ('Re-Admission Population'; figure 1). The Delay Time Population consisted of patients who had an additional AMI registered in RIKS-HIA after the initial event (n=454). The Re-Admission Population had also completed the 1-year follow-up registration in SEPHIA after the new AMI (n=216).
HRQL measurements
EuroQol-5 dimension (EQ-5D) is a generic measure of health status developed by the EuroQoL group. 20 Patients estimate their health status in five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension is rated on the following levels: (1) no problems, (2) some problems and (3) extreme problems. A summary of these dimensions forms an EQ-index with the maximum score equal to 1.0. The patients also estimate their total health status on a self-rating 20 cm, vertical scale with the end points 'Best imaginable health state' (100) and 'Worst imaginable health state' (0). 20 EQ-5D has previously been validated for patients with acute coronary syndrome. 21 22 In the current study the EQ-5D was measured in median 325 days (25th-75th percentile; 125-604) before the new AMI, and was considered to represent the patient's HRQL at the time of the new AMI. In the analysis we divided the patients into four groups based on quartiles of the EQ-VAS (0-50, 51-70, 71-80 and 81-100) and EQ-index (≤0.66, 0.67 to 0.73, 0.74-0.99 and 1.0). Definitions ▸ Time of symptom onset: The time of onset of patient's symptoms before taking the decision to seek acute medical care. ▸ Patients' delay time: The time from symptom onset to hospital arrival. ▸ Hospital admission time: The patients' arrival time at the emergency department, cardiology department directly or the percutaneous coronary intervention unit directly, whichever was first. ▸ Readmissions: all readmissions to hospital regardless of diagnosis.
Statistics
Continuous variables are reported as medians with 25th and 75th percentiles (Q1, Q3) and categorical variables are reported as frequencies and percentages. The two end points analysed were delay time, classified into short (<2 h) and long (≥2 h) delay time and readmission. We selected a cut-off point of 2 h for delay time in light of previously reported data 6 and the distribution of delay time in this study.
The associations between the two end points and EQ-index, EQ-VAS, chest pain, dyspnoea and anxiety/ depression, respectively, were assessed with a logistic generalised estimating equations (GEE) logistic regression model. 23 An exchangeable correlation structure was used to check for the dependence between patients from the same hospital. Results from the GEE logistic regression models were presented as estimated OR with 95% CIs, and a p value for test of the null hypothesis that the true OR is unity.
The median time between 1-year follow-up in SEPHIA and date of a new AMI registered in RIKS-HIA was 325 days (Q1=125, Q3=604) and was classified into short (<325 days) and long (≥325 days) time.
Subgroup analyses were performed for gender and time between the HRQL measurement in SEPHIA and a new AMI registered in RIKS-HIA.
Spearman's rank-order correlation (r) was used to describe the relationship between EQ-VAS and EQ-index. Models with delay time as outcome were adjusted for clinically relevant risk factors including age, ambulance, diabetes, gender, history of heart failure, hypertension, prehospital ECG, previous percutaneous coronary intervention (PCI), previous stroke, previous coronary artery bypass grafting, pulmonary rales, reperfusion treatment, STEMI and year. The models with readmission as outcome were adjusted for the same variables as delay time but also for the number of medications at discharge after the new event and PCI during hospital stay but not for pulmonary rales and reperfusion treatment. All the mentioned covariates were used in the results.
All statistical tests and CIs are two-sided and p<0.05 was considered statistically significant. All calculations were performed with SAS V.9.2 (SAS Institute Inc, Cary, North Carolina, USA).
Hypothesis
We supposed that long delay time is associated with poorer quality of life and with higher risk of readmissions.
Ethics
According to Swedish law no written informed consent is needed to register a patient in RIKS-HIA and SEPHIA. However, all patients must be informed of their participation in the register and have the right to withdraw their participation.
The study was approved by the Regional Medical Ethical Committee in Uppsala.
RESULTS
Background characteristics
The median age was comparable between the study populations and the total SEPHIA population, but the study populations had more comorbidities (table 1). The delay time was shorter in the study populations than in the total SEPHIA population.
Depression/anxiety
The majority (59%) of the study population had no problems with depression/anxiety 1 year post-MI, 37% reported moderate depression/anxiety and only 4% reported extreme problems. In the total SEPHIA population 64% had no problems with depression/anxiety, 32% reported moderate problems and 3% had extreme problems. 
Cardiac symptoms
The median EQ-index was higher for the total SEPHIA population, and more patients in this group reported high EQ-VAS scores (81-100) compared to the study populations. Patients in the study had more symptoms of angina and dyspnoea than patients in the total SEPHIA population. The EQ-5D scores are shown in table 2.
EQ-index and EQ-VAS correlations
There was a moderate correlation between EQ-VAS and EQ-index, Spearman's r=0.57 (p<0.001), both in the delay time population and the total SEPHIA population. The correlations between EQ-VAS and the different subcomponents of EQ-index were also modest (−0.27 to −0.47).
Delay time
Fifty-seven per cent of the study population had a delay time, from symptom onset to hospital arrival, of 2 h or more, and the delay time increased with each quartile of EQ-VAS and EQ-index, respectively (tables 3 and 4).
Patients who scored EQ-VAS ≤50, compared to those who scored EQ-VAS 81-100, had an unadjusted OR for a delay ≥2 h before hospital admission of 2.86 (95% CI 1.47 to 5.54), and an adjusted OR of 3.01 (95% CI 1.43 There was no significant interaction between gender and EQ-VAS ( p=0.290).
The subgroup analysis showed a tendency to a stronger relationship between EQ-VAS and delay time the closer in time the HRQL measurement was to the new AMI. In the patients who indicated EQ-VAS ≤50 and suffered a new AMI within 325 days of the EQ-5D measurement, the adjusted OR was 4.40 (95% CI 1.40 to 13.9) for a delay time of ≥2 h. Conversely, in patients with a new AMI more than 325 days after the EQ-5D measurement, the corresponding adjusted OR was 2.52 (95% CI 1.08 to 5.89).
In contrast to EQ-VAS, the EQ-index had no significant influence on delay time, unadjusted OR 1.52, 95% CI 0.85 to 2.73 and adjusted 1.42, 95% CI 0.71 to 2.87 for the lowest compared to the highest quartile. The EQ-5D dimension anxiety/depression, chest pain and dyspnoea did not affect the time from symptom onset to hospital arrival (data not shown).
Readmission
Of the patients in the readmission population, 40% were readmitted to hospital at least once within the first year. The readmission frequency increased with each quartile of EQ-VAS and EQ-index, respectively (tables 3 and 4).
There was a higher risk of readmissions in patients reporting EQ-VAS ≤50 compared to those reporting EQ-VAS 81-100 in the univariate analysis (OR 3.08, 95% CI 1.71 to 5.53). However, in the multivariable model the OR decreased to 1.99 (95% CI 0.90 to 4.38) and was no longer significant (table 6) .
Patients with an EQ-index of ≤0.73 had higher risk of readmission than those scoring 1.0 in the unadjusted model (OR 2.27, 95% CI 1.27 to 4.06). However, after adjustment the correlation did not remain significant (OR 1.59, 95% CI 0.74 to 3.42).
Anxiety/depression, chest pain or dyspnoea had no significant influence on readmissions (data not shown).
DISCUSSION
This is the first study showing an independent association between one aspect of total health status (EQ-VAS) and delay time. Patients who indicated EQ-VAS ≤50 had triple the risk for a delay time of 2 h or more after adjustment for important covariates. Patients who scored EQ-VAS ≤50 had an increased risk of readmission during the first year after the AMI in the univariate analysis. However, the correlation did not remain significant after adjustment.
The study populations had age and gender distributions comparable to the total SEPHIA population, and to those in other studies measuring HRQL after AMI. 24 Patients in the study were sicker than the total SEPHIA population and, for example, had more heart failure, diabetes and more cardiac medications, which might be explained by the fact that the study populations consisted of patients with at least two AMIs. The majority of the patients had a delay time ≥2 h, which is in accordance with other studies, 25 26 although the study patients arrived slightly earlier to hospital after symptom onset compared to patients in the total SEPHIA population.
In the current study the EQ-5D was measured 1 year after the initial AMI and in median 325 days before the new AMI. Influencing events could occur between the initial 1-year follow-up and the new event, but we estimated that the measurement might be considered to represent the patient's HRQL at the time of the new AMI. The HRQL has been shown to improve during the first year after an AMI. 27 28 However, in the SEPHIA register there are only minor differences in HRQL between the first follow-up (6-10 weeks post-AMI) and the second follow-up at 1-year. 29 In patients with stable coronary artery disease, the HRQL has been found to be stable during the following 2 years. 30 Furthermore, the reported EQ-5D scores were comparable to what was seen in another study examining patients with AMI. 22 The study populations reported slightly worse HRQL scores 1 year after the AMI, compared to the total SEPHIA population. Previous investigations have shown that reinfarction, comorbidities and readmission because of cardiac events influence HRQL negatively. 24 21 31 The EQ-VAS and EQ-index are not completely comparable, since the EQ-index was developed to reflect health status based on general population preferences, and EQ-VAS evaluates the patient's personal health state. Accordingly, the correlation between EQ-VAS and EQ-index was low to moderate in previous research 22 as in the present study.
Our study showed that low EQ-VAS is associated with an increased delay from onset of symptoms to hospital arrival. The association was independent of other factors known to increase the delay time. One reason for the longer delay time in patients with poor total health status might be depression, since depression usually contributes to a lower quality of life. 32 The lack of correlation between the EQ-5D dimension anxiety/depression and delay time in the current study suggests that depression was not the major underlying cause behind the relationship between low EQ-VAS and delay time. However, due to the small number of patients scoring more severe anxiety/depression, the lack of association should be interpreted cautiously. Socioeconomic factors might also be of importance since they have been shown to affect HRQL 33 as well as delay time. 9 Unfortunately, we were unable to adjust for socioeconomic factors in this study. Social support after AMI is also a factor influencing HRQL. High support is shown to increase HRQL in physical and in mental functioning, and also decreases depressive symptoms. 34 Therefore it is important to include relatives in all patient information.
Depressed patients are known to have longer delay times when seeking medical care for AMI. 35 One way to decrease anxiety, depression, 36 and also improve HRQL, 37 is by having patients participate in cardiac rehabilitation programmes.
In contrast to EQ-VAS, the EQ-index had no independent association with delay time. Thus, the EQ-VAS probably reflects factors of importance for delay time other than those covered by the five dimensions included in the EQ-index.
The frequency of readmissions for any reason within the first year was higher in this study population, compared to previous reports. 29 38 The difference probably reflects that the study population was somewhat sicker.
Poor total health status, measured by EQ-VAS, was associated with a higher risk of readmission during the first year after an AMI in the univariate analysis. However, after adjustment for important covariates, the association was no longer statistically significant. In another study investigating patients with chronic heart failure, poor HRQL was shown to increase the risk of readmission to hospital. 16 However, the ability to show an independent correlation was limited in the current study, with only 216 patients included in the analysis.
Limitations
This study has some further limitations beyond those already discussed above. It might not be possible to generalise the findings in the study to patients without a previous AMI or to those older than 75 years.
To determine the exact time of symptom onset is difficult, even though the patients are requested to state the time of symptom onset as precisely as possible. Also, in a small proportion of the study populations (6.4%), data on time of symptom onset were missing. However, uncertainties about the symptom onset would probably lead to an underestimation of the association between HRQL and delay, rather than the opposite.
Another limitation was that much can happen to the patients between the first 1-year follow-up and the new MI, which might influence the HRQL.
Patients reporting poor total health status should be regarded as being at increased risk for delaying seeking medical care in the case of a new AMI, and probably also for readmissions. Patients with poor total health status should be identified at follow-up visits and preferably given more support and information. Prospective studies are warranted to evaluate whether psychological support or other methods aiming to improve HRQL also shorten delay times and decrease readmission rates.
CONCLUSION
Patients with post-AMI who reported poor total health status had an increased risk for long delay time from symptom onset to hospital arrival. However, the risk of readmission was not clearly influenced by the patients total health status.
